Abstract: We explore the flavour structure of custodial Randall-Sundrum (RS) models in the context of semi-leptonic decay of the B mesons. Anomalies in the b → sll processes can be easily fit with partially composite second generation leptons and third generation quarks. Given the explanations of the B anomalies, we obtain predictions for rare K-decays which are likely to be another candle for new physics (NP). Two scenarios are considered: A) The source of non-universality is the right handed muons (unorthodox case) B) Standard scenario, with anomalies explained primarily by non-universal couplings to the lepton doublets. The prediction for the rare K-decays are different according to the scenario, thereby serving as a useful discriminatory tool. We note that, in this setup R(D * ) is at best consistent with the SM and increasing the compositeness of the τ L generates a net contribution becoming below the SM expectation. Finally, we also comment on the implications of flavour violation in the lepton sector and present an explicit example with the implementation of bulk leptonic MFV which helps in alleviating the constraints.
Introduction
Flavour physics, both in the lepton and hadron sector, offers an exciting avenue to explore scales even beyond the realm of the LHC. Processes like µ → eγ, τ → µγ in leptonic sector and K L → π 0 νν, K + → π + νν (s → d transitions) in the hadronic sector are characterised by small SM contributions thereby offering a a lot of scope for the manifestation of NP. More recently, the LHCb has been involved in the measurement of the b → sll flavour observables through the measurement of the ratio [1] 
B(B + → K + e + e − ) q 2 =1−6 GeV 2 = 0.745
+0.090
−0.074 (stat) ± 0.036 (syst) (1.1) while the SM expectation is R SM K = 1.0003 ± 0.0001 [2, 3] . This implies a deviation of ∼ 2.6 σ as a possible evidence of Lepton flavour universality (LFU) violation. The ratio, originally proposed in [4] , is a very clean test of the SM, as the hadronic uncertainties cancel. This was further corroborated by the measurement of the following ratio
B(B 0 → K * 0 e + e − ) = 0.660 The SM prediction in the corresponding q 2 bins are: R SM K * 0.93 for low q 2 while R SM K * = 1 elsewhere. This corresponds to a 2.4σ deviation for low q 2 and ∼ 2.5 σ for medium q 2 . Further, the LHCb [5, 6] and the BELLE [7] collaboration have observed a deviation in the measurement of the angular observable P 5 [8] in B → K * µµ decays. This stresses the possibility of lepton non-universality, in the µ sector in particular [9] [10] [11] [12] [13] [14] [15] . However, in the following we will not necessarily restrict ourselves to this possibility. These deviations can be parametrized by the additional contributions to the following effective operators [16] :
where C i = C
SM i
+ ∆C i , with the NP contributions being included in ∆C i . The different fits signal towards additional contributions to one or a combinations of the following operators:
There have been several analyses to determine the best fit values to the ∆C i : 1-D fits were performed and agreement with data can be obtained if the NP satisfies one of the following hypotheses with the corresponding best fit points [17] : 1) ∆C stringent criteria on Wilson co-efficients in the 1-D and 2-D scenarios. Furthermore, if one assumes C LL = C RL = C RR = 0 1 ,a large electron contribution to C LR is necessary to satisfy the anomalies [14? ]. This is is an explicit example where NP couples more to the electrons than the muons. A model independent analysis investigating the role of different operators in the possible explanations was considered in [20] [21] [22] .
There have been several proposed extensions to explain this anomaly, typically ascribing to one or more of the hypothesis above: models with leptoquarks [14, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , scenarios with an additional Z , extra-dimensional models with soft wall [57] [58] [59] , partial compositeness [60, 61] and RPV SUSY [54, 62? ] . A combination of model dependent and independent analysis was performed in [63] .
Further hints of lepton non-universality were also observed by BaBar [64, 65] , LHCB [66] and BELLE [67] where l = e, µ
The SM expectation for these observables are R(D) = 0.297 ± 0.017 and R(D * ) = 0.252 ± 0.003 [68, 69] thereby indicating a 2.0 and 2.7σ deviation respectively from the experimental measurements. A unified description of both the R(K) and R(D * ) puzzles has been investigated extensively. For instance, in the prescription of [35] where the NP couples only to the third generation fermion, a complete gauge invariant description of such operators will also result in charged current decays [11, 23, 36, 70, 71] . However, as argued in [72, 73] , inclusion of quantum effects by means of RGE running from the NP scale Λ to ∼ 1 GeV, will also possibly introduce lepton flavour violating (LFV) effects. As a result, explanation of R(D * ) in this particular framework is in tension with the low energy LFV data from τ decays. Other studies in this direction include: a comprehensive model analysis of different scenarios offering a simultaneous explanation was considered in [54] , models with U (2)
5 symmetry groups and leptoquarks [74] [75] [76] , frameworks with SU (2) L triplet massive vector bosons [77] , leptoquark scenarios [31, 78] . An interplay of the scales admissible by the explanation of the anomalies and collider implications was studied in [79] .
In this paper we consider a model with a single warped extra-dimension compactified on a S 1 /Z 2 manifold with the following line element [80] :
where A(y) = k|y|, k ∼ M P l 4π and 0 ≤ y ≤ πR. The coordinates y = 0, πR represent the location of the (U V, IR) brane respectively. The effective UV cut-off on the IR brane (M IR ) is related to the one on the UV brane (k) as
This exponential warping of scales in an AdS background is the celebrated solution to the hierarchy problem. We consider a generalization of the original RS setup with a bulk custodial symmetry [81] . This setup is characterized by additional heavy gauge bosons in addition to the KK states of the SM W, Z and consequently leads to a distinct phenomenology, in the flavour sector in particular. A detailed analysis of different flavour transitions in this setup was considered in [82] [83] [84] [85] and will form the basis of this analysis. We revisit this setup exploring the parameter space admitted by the current anomalies and offer predictions for the K → πνν decays, in the s → d sector. The SM expectation for the K + → π + νν and K L → π 0 νν is [86] [87] [88] :
where the first error is due to the uncertainty in the V CKM parameters while the second one corresponds to the remaining theoretical uncertainties. The current experimental bound is [89] B(K + → π + νν) = 17.3
(90% C.L.) (1.10)
These measurements are likely to be significantly improved in the future: The NA62 experiment at CERN [90, 91] is aiming to collect 20 SM events in 2018. while a 5% accuracy is likely to be achieved with more time. Regarding K L → π 0 νν, the KOTO experiment at J-PARC aims at measuring B(K L → π 0 νν) around the SM sensitivity in the first instance [92, 93] . Moreover, the KOTO-step2 experiment will aim at 100 events for the SM branching ratio. This implies a precision of 10% of this measurement [94] . Some NP scenarios where these processes were considered include leptoquarks [95, 96] , MSSM [97] , additional gauge bosons [98] etc.
Similar to [57] [58] [59] , the anomalies in the b → s transitions can be achieved by a slightly composite third generation quark doublet. The custodial protection prevents large contribution to Z → b LbL . We demonstrate fits with two scenarios: Scenario A. Right handed leptons are likely to be more composite than the left handed leptons, in particular for the muon and tau. In this case non-universality exists in the right-sector while the coupling of the doublets to NP is universal. A similar case was considered in [60] , Scenario B. Left handed lepton sector is more composite than the right handed leptons. For the former case, the NP contributes dominantly to ∆C µ 9,10 and with a smaller contribution to ∆C e 9,10 . Therefore using 4-D fit in [19] , we can obtain consistency with the data. It is to be noted that even though the first generation leptons are completely elementary, the new physics contribution to ∆C e 9,10 is non-zero. This can be attributed to the choice of wave function of the lepton doublets that characterizes a given scenario. The primed operators do not contribute as we assume universality in the bulk wave-functions of the right handed quarks. The prediction for rare K decays would be different in both the scenarios, making it a useful discriminant. Another interesting features of this scenario would be to check the compositeness of the τ lepton. The net contribution to R(D), R(D * ) is consistent with the SM for the parameter space which fits the τ mass and reduces as the compositeness of the τ increases. This is mainly due to the large W (0) -W (1) mixing which is proportional to the volume factor √ 2kRπ. This makes it a predictive framework and a more accurate determination of R(D), R(D * ) will help to shed more light on the underlying geometry involved. For both scenarios we choose parameters such that the first two generation quarks couple universally to the NP gauge bosons. This results in an accidental U (2) symmetry which are essential to alleviate constraints from ∆F = 2 FCNC processes [99] [100] [101] [102] . However, we perform further checks to explicitly determine the range of c Q3 consistent with these constraints.
Non-universality in the lepton sector may also be a harbinger for dangerous LFV effects. Mixing of leptons with the KK states is known to give rise to large contributions to FCNC like µ → eγ [103] . However it was shown that imposition of bulk MFV ansatz can alleviate these constraints [104, 105] . We demonstrate that the first scenario can easily accommodate the MFV ansatz albeit with a mild tuning (∼ 0.03) in the muon Yukawa, Y µ while the other charged lepton Yukawa coupling are chosen O(0.3). Along the way, we also present examples with fits to the neutrino oscillation data.
The paper is organized as follows: In Section 2 we give a brief description of the custodial RS model and identify the parameter space consistent with the fermion mass fits. In Section 3 we limit the parameter space of third generation quarks to be consistent with ∆F = 2 processes. In Section 4 we compute the fits for the anomalies in b → sll processes for two different 1-D hypotheses. In Section 5 we consider the rare kaon decays and demonstrate how it can be utilised to possibly distinguish between the two scenarios used to fit the b → sll anomalies. In Section 6 we argue why this setup is best consistent with the SM when R(D * ) is taken into account. In Section 7 we give an explicit example with MFV implemented in the lepton sector, in particular for the first scenario. In Appendix A we outline the structure the flavour violating couplings.
The Model
The custodial RS model is characterized with an enlarged bulk gauge symmetry:
The Higgs doublet (φ) is localized on the IR brane and is promoted to a bi-doublet under SU (2) L × SU (2) R as [81] [82] [83] :
where both φ and φ * are doublets of SU (2) L . The scalar Lagrangian on the IR brane is given as:
where √ −g| y=πR = e −4krπ . Re-defining the Higgs field as Σ → e kRπ Σ leads to the canonically normalized scalar Lagrangian.
The φ (0) component develops a vev on the IR brane resulting in the symmetry breaking pattern SU (2) L × SU (2) R → SU (2) V and is responsible for the protection of the T parameter. On the UV brane, the bulk custodial symmetry is broken by orbifolding with the following choice of the boundary conditions for the bulk gauge fields:
As a result, the residual symmetry on the UV brane is
In the light of the breaking on the UV and the IR brane, the effective low energy theory is U (1) Q symmetric. A discussion of the solutions for the bulk profiles of the gauge fields is given in Appendix A.
Fermions: The fermions in the theory, like the gauge bosons, are also bulk fields. The quarks and lepton doublets are embedded in a bi-doublet representation of
where v = Q, L denotes a bulk field whose zero mode corresponds to the SM quark(lepton) doublets. The superscripts u(d) are used to denote the
2 ) components of the doublet fields. ξ(χ) are exotic fermions with Q = 5/3(2/3) which do not have a zero mode on account of the choice of boundary conditions. The singlets (right handed neutrinos N and the up quarks) transform as (1, 1) while the charged lepton and down type singlets are embedded in a Ψ ≡ (1, 3) multiplet of bulk custodial symmetry. This ensures a custodial protection of Z → f f coupling for f = b, l and aids in the realization of composite leptons which will be necessary for the explanation of lepton flavour universality violations in B decays to be discussed later. Details of the solutions to the bulk gauge and fermion profiles are discussed in Appendix A. Yukawa Interactions: The SM fermions couple to the Higgs through brane localized Yukawa interactions of the form:
Y are dimensionless Yukawa parameters and we have suppressed the flavour indices. After EWSB, the effective four dimensional Yukawa coupling is given as [106] :
Furthermore, defining Y (5) = 2Y as the dimensionless O(1) Yukawa couplings, the effective Yukawa interaction is now gives as:
2 .
c is the bulk mass parameter for the bulk fermion fields and is typically chosen between −1.5 < c < 1.5, where c > 0.5(< 0.5) corresponds to fields localized close to UV (IR) brane. To determine the extent to which non-universality can be accommodated in the model, the admissible range of c parameters which fits fermion mass and mixing data need to be determined. They can be estimated by adapting the methodology in [107] by defining the following χ 2 function:
where O 
and both are fit separately i.e. the χ 2 in Eq. 2.8 is minimized separately for hadron and lepton sector. The scanning ranges are motivated by the constraints from flavour processes and the solutions to the LFU violations and are discussed below: Hadron mass fits: The c parameters for all the fields, with the exception of c Q3 and c t R are chosen to be larger than 0.5. This ensures universality in the right handed quark currents and a U (2) symmetry among the first two generation doublets. 
Constraints from different flavour observables
An artefact of a model with a warped geometry is that all the gauge KK states are localized near the IR brane. Furthermore, as seen in Section 2, the localization of the fermionic generations at different points in the bulk results in varying degree of overlap with these heavy spin-1 resonances. Consequently, this gives rise to tree-level contributions to FCNC, in both the quark and the lepton sector. A discussion to this effect is presented in Appendix A. For the quark case, the non-universality exists between the third and the first two generations and its impact on some strongly constrained flavour observables will be discussed in this section. ∆F = 2 processes: While the main contribution to ∆F = 2 processes is due to the exchange of KK gluons, the contribution of the other gauge KK states cannot be ignored. In a generic RS framework, the Hamiltonian contributing to ∆F = 2 due to the exchange of first KK state is given as [82, 83] 
The WC for the flavour violating operators (i = j) are proportional to
whereg is a generic parameter to denote the coupling strength of gauge KK boson to a pair of fermions. Here we choose D = V CKM . I(j), j = 1, 2, 3 gives the overlap of the KK gauge boson wave function with that of the zero mode fermions and is defined in Eq A.13. In the scenario where I(1) = I(2) < I(3), the contribution to the different i-j transitions is simply:
Further, in accordance with the parameter space scanned to fit the quark masses, the down quark singlets have universal coupling to all the gauge KK bosons. As a result, a ij R = 0. This implies that the operator structure is exactly similar to that in the SM: viz. (V − A)(V − A). To determine the extent of the allowed contribution to the co-efficients a ij we consider the following parametrization of the effective Lagrangian [108] [109] [110] : Fig. 2 gives as computation of c i as a function of c Q3 . Evidently, as c Q3 increases to 0.5, the breaking of the U (3) to U (2) symmetry is increasingly softer, thereby reducing the corresponding contributions. We find that c Q3 0.4 is roughly preferred by the upper bound on the co-efficients in Table 1 . b → sγ: We now discuss the effects of composite third generation quarks on loop induced processes. The most dominant contribution would be to b → sγ. The relevant operators are given as
Consider the contribution to the Wilson co-efficient of O 7 which is suppressed in the SM. In RS it receives corrections due to A) KK gauge bosons and charged fermions in the internal lines and b) Higgs and KK fermions in the internal lines. We consider each of them separately. A) For the scenario with KK gauge bosons, the Wilson coefficient C 7 , for a generic i → jγ process is given as [111] ( where the factor Y is due to mass insertion in the internal fermion line and F is 3 × 3 matrix of zero mode wavefuction in flavour space defined as:
The flavour structure in this case is exactly aligned with the fermion mass matrix and hence the contribution is negligible.
B) In this case, there are three Yukawa insertions: two on the Higgs-fermion-KK fermion vertex and one on the internal KK fermion line. The flavour structure in this case is given as [111] :
Bounds exist on the values of C 7 which can be extracted from the operator structure defined below:
The upper bound on c i for Λ = 1 TeV is 3.6 × 10 −4 [112] . Fig. 3 gives the co-efficient as a function of c Q3 . The elements of the rotation matrix for the up and down sector are obtained from the scan using χ 2 minimization. We find that the co-efficient admits a rather democratic distribution and independent of the value of c Q3 . This can be attributed to the pattern of O(1) which were typically chosen between 0.1 and 5 in the fit. As a result we conclude, that the dominant constraint to the range of c Q3 is due to the ∆F = 2 processes.
b → sll processes
The explanations to the observed deviations in the measurements of R(K) and R(K * ) can be explained by considering NP contributions to the Wilson-coefficients in Eq. 1.3:
+ ∆C i . In RS bulk custodial models, there are four contributions to FCNC at tree level: X ∈ Z SM,Z X ,Z H ,γ (1) . Using Eq. A.15, the expression for the coupling of the SM fermions to these NP states is given as: where
and are defined in Appendix A. Using these expressions, the Wilson co-efficients for each gauge field X can now be written as:
In deriving the above expressions, we assumed that the up-sector quark are in the mass-diagonal basis and D L,R ∼ V CKM . We now discuss two different possibilities for the fits to the data: 1) Scenario A: This scenario is characterized by the possibility of relatively larger coupling of the lepton singlets to the NP than the lepton doublets. The doublet coupling to NP is assumed to be universal. The scanning range for the doublets and the muon singlets is chosen to be 0.45 < c < 0.55. Thus even though this scenario can admit a relatively larger coupling of muon singlets to NP than the corresponding doublets, the other possibility still exists.
There are several analyses which point towards the possibility of no NP in the primed operators [18, 113] . Following this paradigm, we demand that NP contributions to ∆C 9,10 in this case too must be consistent with zero. One possible way to implement this is by assuming that the right handed down quarks couple similarly to NP. (4.3) With a four dimensional case, it is relatively easier to find solutions which satisfy the above regions. Thus, this is an explicit realization of a scenario where contribution to the B anomalies are due to non-universal coupling of the µ R . However, it must be noted that this is not the only contribution and the doublets also have a non-negligible contribution.
Further the non-negligible values of the ∆C e is due to left doublets having c ∼ 0.5 thereby resulting a mildly larger coupling to the NP states than would be expected of states having c ≥ 0.55. Fitting the muon mass for the choices of c used to determine the values of the Wilson-coefficients in Fig.4 requires choosing the O(1) Yukawa ∼ 0.03. As will be seen in Section 7, though slightly fine tuned with regards to the fit to the muon mass, this scenario is more favorable with regards to suppressing FCNC in the lepton sector.
2) Scenario B: This is roughly the mirror image of the first scenario where the non-universality is now transferred to the lepton doublets while the singlets are closer to the UV brane and their coupling thereby reducing it to a 1-D fit as discussed in [17, 18] . The only two relevant parameters for the fits to the B-anomalies are c Q3 − c µ L and the correlation is shown in right plot of Fig. 5 . This demonstrates a mild degree of compositeness in one of the parameters or a partial compositeness in the muon doublets and third generation quark doublet is sufficient to explain the anomalies to the data.
Implications of composite leptons: The two scenarios under consideration involve composite leptons (electrons or muons). It is necessary to address the possible ramifications on the indirect observables (precision electroweak, g − 2 etc.) as well as constraints from direct Z → ll searches. We being with a discussion on the modification to the Z → ll couplings for each of the two scenarios considered above:
• Scenario A. In this case, the lepton doublets have a universal bulk wave-function with bulk mass parameter c > 0.5, implying they are elementary. The muon singlets are relatively closer to the IR brane in this case. We choose them to lie in the range [0.4, 0.5]. We note that like the doublets, the down type singlets are also embedded in custodial representations of SU (2) L × SU (2) R . As a result, corrections to the Z → µµ couplings tend to cancel between the Z and Z X KK states.
• Scenario B. This is characterized by the muon doublets being relatively closer to the IR brane. However, as noted in the first case, the doublets are also embedded in a bi-doublet representation of SU (2) L × SU (2) R and hence are also protected against dangerous contributions to Z → µµ. Further, in light of the constraint on c Q3 , the best fit to the neutral current anomaly data also corresponds to the left handed muons having non-zero elementary component, therefore making it fairly safe from corrections to the other precision observables.
Next possibility is the additional contributions to the g − 2 of the muon. In this case, both the gauge boson and Higgs diagrams contribute. The gauge boson contributions to the g − 2 of the muon were computed explicitly in the 5D framework and given as [115] ∆a µ = 8.8 × 10
where Λ IR = e −krπ M P l is the warped down curvature scale. This contribution is independent of the bulk mass and the Yukawa parameters of the model. For the case where the lowest KK excitations are ∼ 3 TeV, contributions to ∆a µ is suppressed. Regarding the Higgs contribution, constraints from µ → eγ make the corresponding contributions to ∆a µ below 10 −12 in the cases as considered here.
We now move to a discussion on bounds from direct searches For a given Z -mass, bounds exist on the strength of its couplings to the fermions. While the coupling to the light quarks (g q ) influences its production cross-section (σ Z ), the coupling to the other fermions (g Q3,t,e,µ,.. ) places a bound on the corresponding branching fractions. We refer to the analysis of [44] , where for m Z = 3 TeV O(1) couplings were allowed even with the approximation g Q3 = g µ = g q . Fig.6 gives the distribution of these couplings for Scenario B as they involved muons with higher degree of compositeness. We note that in this case the coupling of the muons to the Z , |α µ | > 1 only when α Q3 decreases, implying a increasingly elementary third generation quark doublet. Thus, in addition to the PDF suppression of the production cross-sections (for b quarks) it is also accompanied by a small coupling. Additionally, coupling of the light quarks to these states ∼ 0.02. A combination of both these factors will result in the choice of M KK = 3 TeV consistent with the current bounds.
Kaon decays
In the previous section we discussed two different possibilities to explain the B anomalies in the same framework. In the event of its confirmation, it is essential to pin down the exact parameter space of the model. This may be possible by correlating the solutions to rare K decays: K + → π + νν and K L → π 0 νν are likely to constitute the next probe towards the possible existence of NP. They correspond to s → dνν form of transitions and are generally correlated to b → sll transitions in most NP scenarios. The operators responsible for s → dνν form of transitions can be parametrized by the following effective Lagrangian:
The Wilson coefficient C ds,l in the SM is given as:
where X t and X l c are the loop functions (Inami-Lim) for the top and charm contribution respectively and given as: X t = 1.481 ± 0.009 and
λ 4 = 0.365 ± 0.012 [116] respectively. Using this, the branching ratio for K + → π + νν and K L → π 0 νν is given as:
where κ L = 2.231 ± 0.013 × 10 . We now consider the NP contributions to the process s → dνν given in Eq. 5.1. In the bulk custodial model under consideration, the effective lagrangian for the process is given as
In general this includes both the left handed and the right handed current in the quark sector signaling a possible deviation from the (V − A)(V − A) structure given in Eq. 5.1. This aspect was explored in great detail in [83] . We discuss this process in the context of the two scenarios discussed in Section 4. It is worth stressing at this point that the s → dνν transitions only depend on the left handed c L parameters for the leptons, while in the quark sector both c Q3 and c b R play a role. However, since we assumed only the third generation doublets to have c Q3 < 0.5, there are no tree-level FCNC in the right handed sector. The contribution can be quantified by making the following change to the X t in Eq. 5.2:
We consider the following ratio for both the decays B c L = 0.51. This corresponds to the parameter space of the hypothesis under consideration. It can be seen that for both the decays, the ratio is very close to the SM prediction thereby predicting no net enhancement.
2) Scenario B: This case is characterized by non-universality in the left handed lepton sector while the NP coupling to the right handed singlets are universal. Fig. 8 gives the ratio B i total /B i SM for both the kaon decays as a function of c µ L and c Q3 . We note that for this scenario, the enhancements is not only due to muon doublets being composite, but even the compositeness of the tau doublets L 3 aids in this case receiving a larger enhancement relative to first case. The region consistent with the b → sll leads to enhancement of ∼ 1.2 − 1.6, depending on the value of c µ L and c Q3 . This is an useful example where a more accurate measurement of certain process may help in narrowing down the NP parameter space.
Correlations between
In the setup under consideration, both the K L → π 0 νν and K + → π + νν are almost linearly correlated. This can be attributed to the fact that both are described by s → d transitions and with a operator structure exactly similar to the SM viz. (V − A)(V − A) . Fig. 9 gives the correlation between the two processes for both the scenarios under consideration. There has also been a hint of LFU violations in the charged current sector through the measure of the following observable:
where l = µ, e (6.1)
This corresponds to charged-current transitions in the b → clν sector and can be parametrized by the following effective Lagrangian.
where
+ α a , a = (e, µ), τ and α a representing the NP contribution. Similar to the neutral currents, the charged currents also receive three contributions:W SM , W H , W X . Using Eq. A.16, the NP contributions to the b → clν process is given as 3 :
3 For simplicity we assume massless neutrinos The volume element √ 2πkR represents the correction to the SM gauge boson coupling and I(q) is the coupling for the first two generation quarks which is taken to be universal. Using this, we can express R(D * ) as [58] :
where it is assumed that NP only couples to the second and third generation leptons. We fix c µ L = 0.45 for the computation. From Fig 11 it is clear that the numerical value of I for the RS geometry is I 8, where the maximal value corresponds to brane localized fermions. Even in this extreme case
For the case where c τ L ∼ 0.4 the net contribution to α τ in Eq. 6.3 is close to zero resulting in the net R(D * ) being consistent with the SM. As the τ L becomes increasingly elementary, the net contribution flattens out as shown in Fig. 10 . However, if the τ L is pushed closer to the IR brane, I τ increases resulting in α τ < 0: thereby the net contribution being R(D * ) < R(D * )| SM as shown in Fig. 10 . Thus this scenario is highly predictive and subject to validation with future measurements in this sector.
Leptonic MFV
The non-universal coupling of the leptons to the gauge KK states also give rise to additional contributions to different FCNC processes in leoton sector. For KK scales within the reach of LHC, these contributions can be particularly large owing to strong upper bounds on processes in the 1-2 generation of leptons: µ → eγ, µ → eee, µ − e conversion [103] . The current experimental bounds on these processes are given in Table 2 . The large contributions are primarily due to the misalignment between the Yukawa coupling matrix and the bulk mass parameters which determine the nature of the fermionic profiles in the bulk. A successful model explaining anomalies in B sector with a relatively low NP scale must also satisfy constraints coming from the non-observation of FCNC processes in the lepton sector.
Different scenarios have been proposed to alleviate these constraints: One possibility is to use discrete symmetries as was demonstrated in [123] . Another alternative is the implementation of MFV in 5D [124] and will the be focus of attention in this paper. The original MFV ansatz assumed that Yukawas are the only source of flavour violation [125] . It was extended to 5D warped scenarios [124] and 
† . This misalignment can however be reduced if the bulk mass parameters are written in terms of the 5D Yukawa parameters as:
where a i , b i ∈ . Furthermore we assume the presence of a bulk flavour symmetry group in the leptonic sector is given SU (3) L × SU ( corresponding to an inverted hierarchy spectrum. It is to be stressed that these values are not a prediction of the owing the large parameter space as shown on [107] . Corresponding to these choices, the B(µ → eγ) is given as [104] :
3T eV M KK Table 2 for M KK = 3 TeV. b) Scenario B: In the earlier case we saw that the universality of the lepton doublet parameters c L was critical in the implementation of the MFV ansatz and also satisfactory fit to the neutrino mases. Universality ensures that the values of the rotation matrix
∼ O(1) corresponding to the elements of the PMNS rotation matrix. In this case however, the lepton doublets are not universal. As a result fits to the neutrino data also require hierarchical choices in c N . This makes the implementation of c N proportional to Y † N Y N in 7.1 extremely challenging and difficult to achieve, possibly requiring a more complicated parameter scan which is outside the scope of this exercise.
Conclusions
Custodial RS models offer an interesting avenue to explore flavour physics. An interesting feature of the model is that while R(K), R(K * ) can be easily accommodated, the charged current anomalies are consistent with the SM. We fit the anomalies in the b → sll transitions for two different scenarios: A) Right handed leptons have a tendency to be more composite than the left handed leptons. This case is characterized by small but non-negligible contributions to ∆C e 9,10 and B) Left handed lepton sector is more composite than the right handed leptons. The latter can mimic a one-dimensional fit with ∆C µ 9 = −∆C µ 10 < 0. We offer a way to distinguish these scenarios by considering K L → π 0 νν and K + → π + νν. For the parameter space which fits the anomalies, the former is characterized by their consistency with the SM while the latter can lead to an enhancement of 1.2-1.6. Further, implementation of MFV, necessary to suppress FCNC in lepton sector, is explicitly discussed for Scenario A thereby making it more viable. An important observation in these scenarios is the presence of non-zero Wilson-coefficients for the electron C e 9,10 in both the scenarios discussed above. This is likely to contribute to high precision measurements like the atomic parity violation in Cesium and presents a future direction for this and other models. Rare decays and direct CP violation in the Kaon sector [126, 127] also present a useful candle to probe NP effects. In the context of the model considered to explain the B anomalies they may offer useful hints on the underlying origin of the non-universality.
The Higgs, which transforms as (2,2) under the bulk symmetry group, is localized on the IR brane with the following canonically normalized lagrangian 4 : 
Here 
where χ is the W ±(1) − W ± mixing angle. While the zero mode gauge fields X (0) where X = Z, W ± have a flat profile in the bulk, the higher KK models are characterized by a profile which is peaked near the IR brane. The profiles satisfy the following differential equation [106, [131] [132] [133] :
where z n = mn k e σ and σ = k|y|. the solutions to which are as given as
where b n is determined by boundary conditions. Since the boundary conditions for (Z, W ± ) (1) (++) is different from (Z, W ± ) , (-,+), the corresponding value of b 1 will be different. The KK photon will have a similar bulk profile but different boundary condition as there are no mass term induced on the IR brane due to EWSB. The KK masses used in the analysis will correspond to M KK = 3 TeV. 4 The Higgs field is redefined as H → e kRπ H absorb the exponential factors from √ −g IR = e −4kRπ to canonically normalize the kinetic term.
5 We consider the effect of only the first KK state on the flavour observables. The contributions of the higher KK levels are subleading.
Fermions in the bulk: In addition to the gauge fields, we also consider bulk fermions as it offers a natural understanding of the Yukawa hierarchy problem: Since the fermions in odd-dimensions are vector-like, a bulk 5D Dirac spinor can be decomposed as:
L . Assuming a bulk mass term parametrized as m Ψ = cσ the extra dimensional profiles can be obtained by solving following coupled equations [106] :
The equations decouple for m n = 0 and the zero mode solutions are given as where Y (5) is typically O(1). The entire spectrum of fermion masses and mixing (lepton and hadron) can be fit by assuming c parameters in the range −1.5 ≤ c ≤ 1.5. For our analysis, we assume the fermion doublets to transforms as (2,2) under the gauge group while the singlets (1, 3) . The coupling constant for fermions with a given representation to the different gauge bosons discussed above. have been outlined in [83] . We now discuss the origin of non-universality in bulk RS models.
A.1 Tree level decays
As discussed above, the different fermionic generations are localized at different points in the bulk to facilitate a solution to the Yukawa hierarchy problem. While their coupling to Z (0) is universal, their coupling to Z (1) , Z ( whose profile is peaked near the IR brane) is generation dependent . This coupling depends on the localization of the fermions along the extra-dimension thus giving rise to non-universality. Let η T = {f
M , f
M } be vector of fermions in the mass basis. Let a (1) ij be a 3 × 3 matrix denoting the coupling of SM fermions in the mass basis to a generic KK gauge boson say X (1) . It is given as .12) whereg is the coupling constant depending on the gauge field and particular representation of the fermion and are given in Appendix in [83] . D L,R are 3 × 3 unitary matrices for rotating the zero mode (SM) fermions from the flavour basis to the mass basis. I is the overlap of the profiles of two zero mode fermions and first KK gauge boson and is given by correesponds to the first KK state of the SM Z with (+, +) boundary condition while Z is the neutral SU (2) R × U (1) B−L with (−, +) boundary condition. As discussed in Section A, the breaking of the electroweak symmetry at the IR brane mixes the zero mode gauge boson with the higher modes. In the mass basis, the flavour violating couplings is given as: . ζ is the Z (1) − Z mixing angle. For the computation in neutral current transitions we choose: cos ζ = 0.54 and sin ζ = 0.84. Similar to Z H,X the KK photon also contributes to the FCNC with structure similar to Eq. A.12 with the replacement that g → eQ where Q is the electromagnetic charge and e = g sin θ W
Along the same line, the coupling to the charged gauge bosons are given as: 
